A series of experiments was conducted to evaluate the effect of zeranol on release and synthesis of growth hormone (GH) by anterior pituitary cells established in either static or continuous flow cultures. Young adult male rats, slaughter-age lambs and juvenile lambs were used as sources of pituitary cells. In static primary cell cultures, no consistent effect of zeranol at 10 -7, 10 -9 or 10 -11 /V]" was demonstrated by either rat or ovine cells. Rat pituitaries established in perifusion culture chambers showed no repeatable response to zeranol. Dissociated cells from lambs established in perifusion culture, however, had significant increases in release of GH in response to 37% of zeranol pulse exposures. When dissociated cells from juvenile lamb pituitaries were used, up to 10-fold increases in GH release consistently were measured within minutes of exposure to zeranol.
Introduction
Although growth promotants have been used in livestock production for nearly 30 yr, there has been little definitive work to determine the mechanism or site of action of compounds such as diethylstilbestrol (DES) or zeranol. Increases in growth rate have been documented (Wiggins et al., 1979; Sinnett-Smith et al., 1983) in zeranol-implanted lambs. Reports of histological changes in pituitary-regulated target endocrine glands (Rothenbacher et al., 1975; Wiggins et al., 1976 Wiggins et al., , 1980 have led to further studies of pituitary hormone secretion in animals treated with zeranol and similar anabolic agents. In a study of growing beef steers, Gopinath and Kitts (1984) reported increased basal plasma growth hormone (GH) concentrations following zeranol treatment, but not after treatment with DES or Synovex-S; growth rate showed a positive correlation with basal GH concentrations, suggesting a direct stimulation of GH release. Elsasser et al., using castrated male sheep, reported significant chronic and acute changes in secretion of reproductive hormones (1983b) due to zeranol; concentrations of GH were not changed (1983a) . Although the possibility of reduced peripheral clearance of GH or somatomedins is not excluded, these in vivo reports conflict regarding whether zeranol effects GH release. Therefore, this investigation was designed to evaluate direct effects of zeranol on GH synthesis and release by pituitary cells in vitro. Sources for these cells were pituitaries of young adult male rats, in which in vitro GH secretion rates and methodology have been well validated (Kraicer and Hymer, 1974) , and pituitaries of lambs of two distinctly different ages and growth rates. Comparison of responses among pituitary sources was an objective of the study.
Materials and Methods
Rats. Anterior pituitary glands were obtained from young adult (250 to 350 g) male SpragueDawley rats 4. In each experiment, six to eight 2614 J. Anim. Sci. 1988 Sci. .66:2614 Sci. -2625 animals were rapidly decapitated between 0900 and 1000, neurohypophyses were discarded, and pooled adenohypophyses were aseptically removed to sterile Spinner's Minimal Essential Medium s (MEM) containing .1% bovine serum albumin 6 (BSA). Pituitaries were chopped with a sterile razor blade into 1-mm 3 pieces and removed to a Spinner flask containing 10 ml sterile MEM containing .3% BSA and .3% trypsin 7. The pieces were agitated at room temperature for 20 min. The solution was removed to a sterile 15-ml conical glass tube and centrifuged gently (168 • g) for 10 min at room temperature to concentrate dispersed ceils and undissociated tissue fragments. The resulting pellet, after removal of the supernatant medium, was treated with 100 /al of trypsin inhibitor s and 100 -gtl deoxyribonuclease 9 in 3 to 5 ml of MEM with .1% BSA. In this solution, the tissue fragments were triturated gently by 50 excursions through a sterile siliconized Pasteur pipet. Large tissue pieces were allowed to settle, then were transferred back to the Spinner flask containing 10 ml of fresh dissociation medium; the entire procedure was repeated completely (once), producing a single-cell suspension. Viability after dissociation, assessed by phase microscopic examination and trypan blue exclusion , averaged >95%. Samples of the resulting suspension were counted using a hemacytometer, and counts of live cells in the resulting suspension averaged 2.4 + .1 x 106 cells/gland (n = 10).
Sheep. Pituitary glands were obtained from wether and female lambs, at either 6 mo (weight = 56.5 + 1.6 kg) or 4 mo (weight = 22.8 + 1.1 kg) of age. One to four pituitaries, dissected with sterile instruments, were placed immediately into sterile "transport" culture Medium 199 containing 5% horse serum, Gentamycin (50 og/ml) and Fungizone (2.5 /ag/ml) 1~ Posterior lobes were discarded and Static Cell Culture. Primary cultures of dissociated pituitary cells from either rats or sheep were established, using 25,000 cells in 3.0 ml of medium (a modified MEM containing 5% or 20% fetal calf serum) for each culture vessel 12. In quadruplicate, five treatment groups were designated: medium containing 10 -7 M, 10 -9 M or 10 -11 /14 zeranol, .01% ethanol vehicle, or culture medium alone; the latter two groups served as controls. Zeranol effects were assessed by comparison with the ethanol-containing negative control. Cultures were terminated at 3, 24, 48 or 72 h after cell seeding. At termination, medium was removed, and cells were extracted in 1.0 ml .01 N NaOH at 4 ~ C for 60 min and centrifuged at 1,300 x g for 30 min at 4 ~ C; .5 ml of the resulting supernatant fluid was removed and diluted in 2.5 m1.1 M phosphate-buffered saline containing 1% BSA. Extraction efficiency of the method in this laboratory has been shown to be 90% Phelps and Hymer, 1986) . Thus, intracellular GH (an indicator of synthesis, when combined with release) was expressed uniformly as concentration, in nanograms/ milliliter, such that release rate and intracellular concentrations of equivalent cell numbers might be compared and additive. Media and alkaline cell extracts were stored at -20 ~ C for subsequent GH RIA. Six static culture experiments were conducted, two using rat and four using slaughter-age lamb pituitary cells; data from two of each type are reported.
Perifusion Apparatus and Procedure. The perifusion technique used was modified from that described by Lowry (1974) . The perifusion apparatus consisted of a 1-ml microchromatography column fitted with female glass luer connectors and Teflon gaskets at both ends; perifusion medium was transported through sterile Tygon tubing connected to male plastic luer connectors at "inlet" and "outlet" of the column. The outlet (bottom) of the column contained a fritted disc with paper filter discs .3 on either side to prevent escape of cells, which allowed the perifusion medium to flow freely. Cells (5 • 106/column) were immobilized in approximately .2 g of Bioge114 swollen overnight in sterile saline, which allowed unrestricted flow of the perifusion medium consisting of Medium 199 containing 25 mM Hepes, 1% penicillin/streptomycin, .1% BSA and .01% ethanol (as vehicle for the test compound).
Preparations containing approximately 5 x 106 rat or sheep pituitary cells were gently centrifuged (168 • g) at room temperature, concentrating a small volume for transfer to each perifusion column. The columns, held in vertical position in a tube rack, and bottles of medium were immersed in a 37 ~ C water bath during the perifusion procedure. Medium was delivered to the columns at a flow rate of .5 ml/min via a multichannel peristaltic pump. Test substances, dissolved in the perifusion medium and equilibrated to 37 ~ C, were delivered to the columns by manually transferring the appropriate delivery tubing. Column perfusate from the outlet tubing was collected in 4-ml (8 min) fractions in 12-mm x 75-ram glass culture tubes in a fraction collector. The 4-ml samples were frozen and stored at -20 ~ C until subsequent RIA for GH. Perifusion continued for approximately 24 h in most experiments. At termination of each experiment, cells and Biogel were extracted in .01 N NaOH at 4 ~ C for several hours and centrifuged (1,300 • g), and a .5-ml sample of the resulting supernatant fluid was diluted in phosphate buffered saline with 1% BSA. Column extracts were stored at -20 ~ C until assay for GH concentration.
In all cases, two simultaneously perifused columns, containing 5 x 106 cells each, were used. One column, referred to as "control," was perifused with medium containing .01% ethanol vehicle in order to assess basal GH release concentrations over the experimental period. The "experimental" column received zeranol, dissolved in the perifusion vehicle, at three separate 24-min (three-fraction) intervals; vehicle-containing medium was delivered to the experimental column between these 24-rain "pulses." Zeranol is was dissolved initially in absolute ethanol, then sequentially diluted in Medium 199 to a concentration of 10 -9/kl (3.3 • 10 -9 g/ml). Twenty-three perifusion column experiments were performed; 8 of these used rat pituitary cells, 13 used dissociated slaughterage lamb, and 2 experiments used juvenile lamb cells. (Results of only one of the eight rat experiments are presented because all showed no effect of zeranol.) In selected experiments, cell viability and GH-release responsiveness was confirmed by pulsing cell perifusion columns with 10 -3 A/ cyclic adenosine monophosphate (cAMP), a known GH secretagogue.
Data Analysis. Samples of media were analyzed for GH concentrations according to double antibody RIA methods developed by Davis (1972) . Growth hormone concentrations obtained from the pituitary cell monolayer cultures were tested for differences at each period using a least squares ANOVA (Helwig, 1978) . A two-way analysis tested effects of time (culture period) and media (vehicle or zeranol dose), with an error term of replicate measures in a single cell of time • medium. Multiple comparisons were corrected by a Bonferroni term method. Differences in GH concentrations between paired columns were tested by determining wether at least a 20% (arbitrarily chosen) increase resulted after the experimental cell column was infused with zeranol. The test of zeranol effect was determined by using the mean of five values recorded prior to infusion as the baseline and comparing it with the mean of five values obtained following initial zeranol infusion. The number of increased GH concentrations and non-increases were compared for control and experimental columns by chi square analysis (Alder and Roessler, 1972 
Results

Rat Pituitary Static Cell Cultures. In two
experiments that used dissociated rat pituitaries (Figures 1 and 2) , the levels of GH in the culture media increased overall for the 72-h experimental period. In the first of the two experiments (Figure 1 ), zeranol-containing preparations and the ethanol-containing negative control were not different. The ethanolcontaining and two of three of the zeranolcontaining cultures had lower GH concentrations than the medium-only group at 3 h (P < .05); at 72 h, the negative control and zeranol groups all showed greater GH release than did the medium-only group (P < .01). lntracellular GH concentration was lower than that of negative controls at 72 h in the 10 -11 M zeranolcontaining group (P < .05); 10 -7 M and 10 -9 M zeranol groups had intracellular GH concentrations that were equivalent to the negative control and greater than the medium-only cultures (P < .01). Total GH (medium + cells) in zeranol groups also was comparable to negative controls; at 72 h, the negative control, as well as zeranol groups, was higher (P < .05) than the medium-only group. This finding emphasized the importance of evaluation of zeranol effects in terms of vehicle-containing medium, in both static and perifusion culture.
In the second of the two experiments ( Figure 2 ) there were no differences for GH concentrations in the culture media. At 48 h, in fact, cultures with zeranol had less intracellular GH than negative control cultures (P < .05).
When the two experiments were combined, the overall nested effect of media within time was nonsignificant (P < .06) and there was no difference due to zeranol addition (P < .10).
Lamb Pituitary Static Cell Cultures. Two of
the four experiments that used slaughter-age lamb anterior pituitary cells were conducted in media that contained 5.0% FCS. Neither of these exhibited differences due to zeranol concentration with regard to GH in media, in cells or on total GH. There was no change in total GH during the 72-h experiments (data not shown).
In the other two experiments using slaughterage lamb pituitary, cells were cultured in media containing 20% FCS ( Figures 3 and 4) ; the GH in the culture media tended to increase (not significantly) at each culture interval. In the first of these experiments (Figure 3) , at 3 h, cells-with 10 -7 M zeranol had released more GH into the media than vehicle controls or the 10 -11 M zeranol cultures (P < .05). At 48 h, the 10 -7 M zeranol cultures had released more GH than any other group (P < .05). The cellular GH was similar for all cultures, except at 48 h, when cultures with 10 -9 M zeranol had less GH in cells than the negative controls or cultures with 10 -11 M zeranol, and at 72 h, when the 10 -11 M zeranol group had less intracellular Git than the vehicle-control cultures (P < .01). At 72 h, cultures with 10 -7 M zeranol had more total (cells and media)GH than cultures with 10 -11 M zeranol (P < .01), in which total GH was lower than control concentrations.
The second experiment using 20% FCS (Figure 4 ) had much higher GH levels in the media and less in the cells than the first experiment, with no difference due to zeranol addi- Figure 3 . Ovine growth hormone (GH) concentrations in primary cultures of slaughter-age lamb pituitary cells. Details as in Figure I . experiments were combined, there were no differences due to zeranol treatment.
Cell Columns. Columns using dissociated rat pituitary cells did not have any consistent response to zeranol treatment. The chi square value for these experiments was 2.00 (nonsignificant; Table 1 ). Growth hormone release was inherently pulsatile, but consistently increased fourfold to sevenfold within 4 min of cAMP exposure ( Figure 5 ). Zeranol-response data from this cAMP experiment are included in Table 1 , as the sixth of eight experiments.
However, when slaughter-age lamb pituitaries were dissociated to single cells and established in columns, there was an increase in GH release 37.1% of the times that cells were exposed to zeranol as opposed to only 14.3% for controls (chi square = 4.79, P < .05); the results of these 13 experiments are compiled in Table 2 . Validation for the viability and responsiveness of these cultures to known GH secretagogues is shown in Figure 6 . Exposure to 1.0 #m cAMP resulted in marked ovine GH release.
Whereas the pituitary cells from slaughterage lambs thus showed a significant increase in the frequency of response to zeranol exposure, the cells from juvenile lamb pituitaries produced consistently large and immediate responses each time they were exposed to zeranol-containing medium. Figure 7 and Figure 8 illustrate the ovine GH measurements in two experiments using perifused juvenile lamb pituitary cells. Slaughter-age lambs (n = 44) were both ewes and wethers; juvenile lambs (n = 8 ) w e r e all wethers. A sex difference thus is not a likely reason for difference in response. tion in GH of media or cells. At 72 h, cells in both 10 -9 and 10 -11 M zeranol produced more total GH than was observed in the medium-only cultures (P < .01). Thus, ovine GH release was enhanced over time under these (20% FCS) conditions, and minor zeranol effects were noted. However, when the data for these two
Discussion
In static primary cultures of both rat and lamb cells, there were no consistent changes that could be attributed to stimulation of GH synthesis or release by zeranol. There were isolated incidents in experiments using ovine cells in which increases in GH release or decreased GH cell content were noted in response to zeranol. The validity of demonstrating stimulation of GH release in static culture using known secretagogues has been documented by several investigators (Kraicer and Hymer, 1974; Snyder and Hymer, 1975; Stachura and Fitzer, 1977) . Yamamoto et al. (1975) reported that estrogens would stimulate GH release but not its synthesis from pituitary cells. Simard et al. (1986) , however, reported that estrogen stimulated both release and synthesis of GH in static aMean concentration of growth hormone (ng/ml) in media for five consecutive 4-ml (8 min) samples.
cultures of female rat pituitary cells. Binding of zeranol to estrogenic receptors in rat liver has been evaluated (Mastri et al., 1985) . Zeranol showed striking similarities to estradiol-17-beta in binding to these steroid receptors, but its estrogenic effects were far less potent than estrogen, including retention of these receptorligand complexes by liver nuclei (Mastri et al., 1986) ; those authors note that the documented in vivo estrogenic effect on pituitary of zeranol reported by other investigators (Elsasser et al., 1983b) is not explained by receptor binding activity. Accumulation of GH in static cell culture may block pituitary response to stimulation via a short-loop feedback system (Martin, 1976) . Until these possibilities have been further investigated, these responses to zeranol in static culture must be considered random. Clearest results were obtained using pituitaries from 4-mo-old lambs. Release of GH in those experiments was comparable to that observed for GH secretagogues such as cAMP in the pituitaries from rats and older lambs (Figures 5 and 6) . Each time the cells were treated with media containing 10 -9 A/I zeranol, an immediate release of GH was observed. The apparent short duration (8 to 16 min) of GH release in response to zeranol compared with duration of zeranol exposure (24 min) presumably represents an exhaustion of releasable intracellular GH. Considering the intracellular content of GH measured in static culture experiments, the GH released during perifusion exposure to zeranol may represent removal of negative feedback by GH accumulated in static cultures. The difference in results in the two series of studies was qualitative; the explanation for the difference in not otherwise apparent. Simard et al. (1986) noted that significant increases in medium and cellular GH in response to estrogen were observable only after 48 h of static culture of female rat pituitary cells. Using pituitary cells from male rats, as in our study, Webb et al. (1983) found that estrogen did not stimulate GH secretion even at 96 h of incubation. 5 X 104 cells, and the perfusate medium contained .01% ethanol, the vehicle in which zeranol (experimental column) was solubilized. Medium flow rate was .5 ml/min; each point represents GH concentration in a 4-ml (8 rain) sample. Horizontal bars represent "pulses" in which cells were exposed to exogenous agents (i.e., cAMP or zeranol). Figure 7 . Ovine growth hormone (Gll) concentrations (ng/ml) in sequential samples of perifusion medium from juvenile lamb cell culture columns. Both control (+) and experimental (*) columns contained 5 • 106 anterior pituitary cells. Medium flow rate was .5 ml/min: each point represents GH concentration in a 4-ml (8 rain) sample. Cells in the experimental column were exposed to zeranol-containing medium for three consecutive 8-rain samples, as indicated by bars on the horizontal axis.
Experiments with cells from 6-mo-old lambs were not as consistent, even within an experiment in which repeated applications of zeranol were given. Several reports concerning cattle document increased blood GH concentrations and pituitary GH concentrations and a lower ratio of GII to BW with age (Purchaset al., 1970; Trenkle, 1971; Trenkle and Topel, 1978) . The ncgativc results obtained using pituitary cells from adult rats and sheep suggest maturational differences in ability to respond to exogenous growth promotants, as well as species differences in such responses. In vivo somatomedin activity, which is unaffected by zeranol treatment (Wangsness et al., 1981) , appears to be closely related to growth rate in older Iambs. Although thc responses of juvenile rat pituitaries to zeranol were not examined, both spontaneous and elicited GH release is morc robust in younger animals (Martin, 1976) .
Results of the present investigation, limited to direct anterior pituitary response, do not exclude the possibility of alternate, or additional, sites of action for zeranol in vivo. Growth observed in vivo could reflect zeranol effects on 1) hypothalamic mechanisms, such as inhibition of somatostatin or stimulation of growth hormone-releasing factor, 2) decreased peripheral clearance rate of GH or somatomedins or 3) direct anabolic changes in peripheral tissues. A recent report by Roeder and colleagues (1986) , in which in vitro effects of steroids and zeranol on protein synthesis and degradation in muscle cell cultures were measured, addressed the latter possibility. They found no consistent effect of several anabolic agents on protein synthesis, nor on the glucocorticoid stimulation of protein catabolism in either myoblasts or myotube cultures. Further studies of alternate sites of zeranol action, in vivo and in vitro, thus are suggested.
The results of our study indicate that the preferred conditions for investigating the GH-releasing effect of growth promoters such as zeranol include continuous perifusion culture and use of GH-secreting cells from juve- Sample Number Figure 8 . Ovine growth hormone (GH) concentrations (ng/ml) in sequential samples of perifusion medium from juvenile lamb cell culture columns. Both control (+) and experimental (r columns contained 5 X 106 anterior pituitary cells. Medium flow rate was .5 ml/min; each point represents GH concentration in a 4-ml (8 rain) sample. Cells in the experimental column were exposed to zeranol-containing medium for two consecutive 8-min samples, as indicated by bars on the horizontal axis.
nile animals. The GH-releasing property of zeranol, under these specific conditions, was demonstrated.
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